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INTRODUCTION 
Broadband Holography has become a powerful tool in computerized non-destruc-
tive testing. Interpretation of images, however, is difficult due to the fact that perfect 
imaging of flaw sizes is impossible until now. The situation is even more complex, since 
multiple scattering, wave mode conversions, and inhomogeneities in the material give 
rise to artifacts in the holographie image. Thus, signal and data processing techniques 
at different levels of the signal flow path may help improve the situation. Within this 
paper the following methods are discussed: 
1. Inverse filtering. Inverse filters improve echo shape and duration. This in turn in-
fluences lateral and axial resolutions of the image. Since inverse filtering is known 
to be an ill posed problem we apply a standard Tychonoff regularization. It turns 
out to be equivalent to Wien er filtering in its simplest form. 
2. The ALOK i, k-filter. This is a non linear filter mainly used for data reduction 
purposes during the inspection of large scale components. An attempt is made to 
at least partly recover the original signal from ALOK data. 
3. Image processing. Using the holographie image of a natural crack we show differ-
ent image processing techniques. This may be a tool to gain more insight into the 
flaw size and geometry under test. 
Real time image reconstruction has been done with the help of a small and flex-
ible stand-alone system developed by Siemens and the Universities of Erlangen and 
Bochum [1]. The signal flow path is indicated in Fig. 1. Broad band pulses are sam-
pled along a one dimensional aperture either in pitch catch or in pulse echo mode. The 
RF-pulses are fed through a freely programmable FIR filter. From the filter output the 
analytical signal is computed via the Hilbert transformation. Backpropagation in the 
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Fig. 1. Signal flow path for Broadband Holography 
time domain using precomputed flight time tables Ti and weighting factors Gi results 
in a complex pixel matrix. The image is generated by taking the modulus of this ma-
trix. 
INVERSE FILTERING AND TYCHONOFF REGULARIZATION 
Theory 
The goal of inverse filtering is to eliminate the influence of the measuring chain 
to the largest possible extent [1]. Therefore, test echoes must be taken with the same 
equipment that will be used later for measurement. It is also important to use a test 
reflector for which the expected echo is known from theoretical considerations. We 
then ask the quest ion which input signal to apply in order to get the desired system 
output. Denoting input and output signals by x and y, respectively, and the system 
impulse response by h we have to solve a convolution equation: 
(1) 
with Th the convolution operator Thx = h * x. It is weIl known [2] that this prob-
lem is ill-posed since the Moore-Penrose-inverse of Th generally will be unbounded. 
This is mainly due to the fact that the spectrum of h can assurne arbitrarily small val-
ues, and deconvolution essentially means division by the system transfer function. One 
way around this problem is the method of regularization [3]. Here, one defines a family 
of bounded operators Ro,h which converge to Th pointwise as a approaches zero. One 
special choice of regularization operators is called Tychonoff regularization. It consists 
of replacing Th- l by 
(2) 
with a > 0 and Tl the Hilbert adjoint of Th [3]. The constant a must be chosen large 
enough in order not to run into the unboundedness problems mentioned above, but 
small enough to be elose to the desired inverse Th- 1• For Th the convolution operator it 
is easy to compute the spectrum of Ro,hY' Denoting it by Xo,h we arrive at: 
(3) 
Here, H is the system transfer function. Xo,h is the filter transfer function we are look-
ing for. It can be Fourier transformed and loaded into the FIR filter of our holography 
instrument. 
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Note, that usual deconvolution without regularization can be obtained from this 
formula by letting a = O. Also, from (3) the connection to Wiener filtering is obvious: 
a is essentially the noise power density divided by the signal power density. Since in 
our case a is a constant we are dealing with the simplest case of Wiener filtering where 
this quotient is assumed to be independent of frequency. 
In practice, we use the echo of a large side drilled hole as an approximation to the 
system impulse response. In this case it can be shown [4J that a reasonable fit to the 
theoretically expected spectrum of the echo is given by a shifted cosine function 
Y(w) = {~ [1 - COS (t;I7r)] for Iwl < W 
otherwise 
(4) 
Results will be presented for two different values of the bandwidth W, with and with-
out regularization. 
Results 
In Fig. 2, a and d, the reference echo and its spectrum are shown. The center fre-
quency of 2 MHz is also the frequency of the transdllcer used for the examination. You 
can also see that the magnitude of the spectrum has dropped below -30 dB within 
a range of less than ±1.5 MHz arollnd the center freqllency. Therefore, a choice of 
W = 1 MHz seems to be reasonable, whereas W = 1.4 MHz can be expected to be 
too large. That this is indeed the case can be seen from Fig. 2, band c. It shows the 
filtered signals for these values of W, but withollt regularization, i. e. with a = O. 
W = 1 MHz gives a reasonably weil shaped pulse, but W = 1.4 MHz prodllces a com-
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Fig.2. Results of inverse filtering. Abscissa for d) is in MHz, otherwise in f-lsec. 
Ordinate for d) is in dB, otherwise normalized to [-1, 1J. 
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pletely eorrupted signal whieh ean not be expected to yield a meaningful holographie 
image. Things change if the regularization parameter is switehed on. We chose a value 
of a = 0.1. As you ean see from a eomparison of Fig. 2, band e, there is no big differ-
enee in the filter output for W = 1 MHz, with and without regularization. However, 
the differenee between Fig. 2, e and fis signifieant. Whereas with regularization the 
filter output varies smoothly with W it obviously does not without regularization. 
In order to demonstrate the effect of inverse filtering on holographie images we in-
speeted an austenitie weid the geometry of whieh is given in Fig. 4. The reeonstructed 
image in Fig. 3a has been obtained without any filtering. It shows two refleetors 10-
eated dosely together at the left fusion line of the weid. Filtering with W = 1 MHz 
and a = 0 (Fig. 3b) still gives the big refleetor (although it got a nose whieh ean-
not bee seen in the unfiltered image), but the small one has beeome even smaller. The 
net effeet is a slightly better radial resolution but a slightly poorer lateral resolution. 
In this ease, regularization deereases the resolution even further, as ean be seen from 
Fig. 3e. Now it is impossible to resolve the two refleetors. As might be antieipated 
from the diseussion above, Fig. 3f is looking very similar to Fig. 3e. Resolution has 
slightly inereased now, due to the inerease in bandwidth. The same image without reg-
ularization, however, shows two almost equally sized refleetors with a smaller one in 
between them (Fig. 3e). In addition, the upper left refleetor has moved downward, as 
ean be seen from a comparison with Fig. 3a. 
Finally, Fig. 3d shows what ean be aehieved with a really eareful filter design. 
Here we used a = 0.15 for the regularization parameter and a bandwidth of 1.2 MHz. 




Fig. 3. Effect of inverse filtering on holographie images. Upper row: without 
regularization, lower row: regularized. 
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In conclusion one can say that design of inverse filters must be done carefu11y in 
order to avoid artifacts in the reconstructed images. Regularization is helpful since it 
guarantees that the filter output varies smoothly with the filter design parameters. 
IMAGING USING ALOK DATA 
The ALOK i, k-filter is a nonlinear filter mainly used for data reduction purposes 
during the inspection of large scale components [5]. It works as folIows. First, the en-
velope of the rectified RF signal is computed. Then this envelope is searched for max-
ima of physical significance. The amplitudes of these maxima together with their times 
of flight are stored as the filter output. Searching for maxima is contro11ed by two pa-
rameters ca11ed i and k. A point is accepted as a maximum if it has the largest value 
within a range of i half waves left to it and k half waves right to it. The proper choice 
of i and k depends on the transducer used [6]. Results presented in this paper have 
been obtained using i = k = 2. This way data could be reduced to about 20% of their 
original size. 
It should be clear from the description above that a complete reconstruction of 
the original RF signal from the output of an ALOK i, k-filter is impossible. A first step 
towards a partial reconstruction is to fi11 the gaps between the peaks with zeros. The 
step functions generated this way (see Fig. 5a) are positive which means that their 
DC part does not vanish. Since the imaging algorithm explicitly requires RF signals 
[4] an idea would be to remove the DC part with the help of a bandpass filter. The re-
sult for a passband between 0.8 MHz and 8.5 MHz is shown in Fig. 5b. A more realis-
tic pulse shape, however, can be obtained by convolving the ALOK step functions with 
the transducer impulse response. This is demonstrated in Fig. 5c . 
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Fig. 4. Geometry of austenitic weid 
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Pig. 6. Analysis of a crack: Test block geometry 
Image reconstruction using ALOK data has been checked on a test block contain-
ing a natural crack. The flaw geometry as can be seen on one side of the test specimen 
is shown in Pig. 6. 
Pig. 7a shows the holographie reconstruction of the crack. We then processed the 
same A-scans as used for the image in Pig. 7a by an ALOK i, k-filter. Prom the filter 
output we reconstructed Pig. 7b. This image obviously has almost no lateral resolu-
tion. Since the ALOK filter artificially introduces frequencies not present in the origi-
nal signal (i. e. the bandwidth is increased by the ALOK process) the axial resolution 
is better than in Pig. 7a. Bandpass filtering the ALOK signal not only removes its DC 
part but also cuts down its frequency content. Therefore the image reconstructed from 
bandpass filtered ALOK signals (see Pig. 7c) has a poorer axial resolution as compared 
to Pig. 7b. Finally, Fig. 7d shows an image reconstructed from ALOK data which have 
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Fig. 7. Crack image using difI'erently processed ALOK data 
been convolved with the transducer impulse response. This image shows less facets 
than the reconstruction from the original RF data. But this should not be too surpris-
ing since, as mentioned earlier, the ALOK procedure destroys a considerable amount of 
information. 
Looking at Fig. 7 the quest ion arises how to evaluate those images, e. g. how to 
measure the crack length. The simplest possibility is to use the 6 dB drop method 
which suppresses all amplitudes below half of the maximum in the final image. This 
way one obtains a crack depth corresponding fairly weil to the geometrical value of 
about 55 mm. However, due to the poor lateral resolution interpretation of images ob-
tained from ALOK data is difficult. 
IMAGE PROCESSING 
Until now perfect imaging of ftaw sizes is impossible. Holographie images only 
show the acoustical reftectivity of the volume under test. This has now to be translated 
into a description of the ftaw suitable for further evaluation. Here, image processing 
might be a helpful tool [9]. 
We again used the crack shown in Fig. 6 to demonstrate different image processing 
techniques. Also, we employed the same set of data as used to obtain Fig. 7a. Fig. 8 
shows an L-SAFT reconstruction of the crack. L-SAFT is a technique developed by 
FHG-IzfP. Theoretical investigations [8] show that it is essentially equivalent to the al-
gorithm of Broad Band Holography. This can also be seen from a direct comparison of 
Figs. 7a and 8. After averaging the Sobel operator was applied to the resulting image. 
In effect, this is a gradient operation in order to enhance vertical edges [7]. Further av-
eraging and thresholding gives the binary image displayed in Fig. 8. Finally, two dif-
ferent thinning operations were then applied to the binary image. "Thinning" is an at-
tempt to find a connected centralline within the image [7]. As you can see, thinning 
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Fig. 8. Evaluation of crack shape by image processing 
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This branch, however, was not illuminated by ultrasound. So, this image is meaning-
less and therefore has to be discarded. Four directional thinning on the other hand 
gives a crack shaped very much like the flaw that can be seen on one side of the test 
block. 
One has to admit, however, that the proper selection of steps to be taken during 
image processing as weIl as the correct choice of parameters requires a good deal of a 
priori knowledge about the expected type of flaw. 
REFERENCES 
1. 1. v. Bernus, M. Kröning, J. Regn, G. Prokoph, H.Ermert: Proc. Rev. Prog. QNDE 
vol. 8A, (1989). 
2. F. John: Plane waves and spherical means applied to partial differential equations. 
New York, (1955). 
3. V. A. Morozov: Methods for solving incorrect1y posed problems. New York, (1984). 
4. G. Prokoph: Dissertation. Erlangen, (1988). 
5. O. A. Barbian, W. Kappes, F. Hoh: Proc. 11th World Conference on NDT, Las 
Vegas, (1985). 
6. O. A. Barbian, B. Grohs, R. Licht: Materialprüfung 23, Nr. 11 und 12, (1981). 
7. R. C. Gonzalez, P. Wintz: Digital image processing. Reading, Mass., (1977). 
8. K. Mayer, R. Marklein, K. J. Langenberg, T. Kreutter: Ultrasonics, vol. 28, (1990). 
9. W. Müller: IzfP Seminar 15./16. Oct. 1990, IzfP, Saarbrücken. 
910 
